Human immunodeficiency virus (HIV) and syphilis are common infections in sub-Saharan Africa, and increasing rates of coinfection have been reported in many countries over the past decade [1] [2] [3] [4] [5] [6] . In Zambia during 2009, HIV prevalence was approximately 14.3% and rapid plasma reagin (RPR) test positivity had been documented in 18%-32% of HIV-discordant couples [7] [8] [9] . In Rwanda, HIV prevalence was approximately 3% in 2005, and syphilis prevalence had been reported in up to 18% of patients with genital ulcers [10, 11] .
Literature on HIV and syphilis coinfection shows that the clinical presentation and outcomes of syphilis infection are similar in monoinfected and coinfected individuals, although HIV patients with syphilis may have multiple chancres in primary disease and are more likely to have a delayed serologic response following therapy [12] [13] [14] . Ulcerative sexually transmitted infections (STIs) have been shown to increase the risk of HIV acquisition (adjusted risk ratio, 2.2-11.3 compared to 3-4 for nonulcerative STIs) [15] .
The US Centers for Disease Control and Prevention's (CDC) 2010 Sexually Transmitted Disease Treatment Guidelines recommend the same course of therapy for early syphilis (a single intramuscular injection of 2.4 million units of benzathine penicillin), irrespective of HIV status, an unchanged recommendation from 2006 [16] . However, many providers continue to treat early infection in the coinfected patient with additional penicillin out of concern for potential treatment failure. In one 2009 study of 390 practicing infectious diseases specialists, 62% reported treating HIV patients with secondary syphilis with 3 doses of penicillin [17] .
In the setting of some clinical uncertainty and increasing rates of syphilis and HIV in many communities worldwide, larger studies can help inform treatment recommendations for coinfected patients. The aim of this study is to examine treatment response among individuals in 2 large HIV-discordant couple cohorts in central Africa who received benzathine penicillin for the treatment of syphilis based on a positive RPR test result [18, 19] .
METHODS

Study Design and Setting
This was a retrospective cohort analysis of individuals enrolled in HIV-serodiscordant couple cohorts in Lusaka, Zambia, and Kigali, Rwanda.
Participants
The Rwanda Zambia HIV Research Group is one of the largest cohorts of HIV-serodiscordant couples in Africa, with followup available for couples referred from a longstanding program of free couples voluntary counseling and testing (CVCT) for HIV, described elsewhere [8, [20] [21] [22] [23] [24] [25] . The study period for this analysis was from January 2002 to October 2008 in Zambia and from August 2002 to April 2008 in Rwanda. During this study period, there were 3483 individuals enrolled in Lusaka and 2925 of them had at least 1 follow-up visit (84%); in Kigali, 3205 individuals were enrolled, with 3091 having at least 1 follow-up visit (96%). Couples were followed longitudinally with quarterly visits for ongoing HIV prevention education and for the collection of clinical and laboratory data [26, 27] . Participants received free treatment for STIs as well as counseling and condom provision at each visit.
At the Zambia site, RPR testing was performed for all participants In both cohorts, patients with signs or symptoms of syphilis received diagnostic testing and treatment in addition to routine testing. Treponemal-specific confirmatory testing was not performed at the time of RPR titer, but was tested retrospectively on a subset of samples as described below. All clients with RPR-positive undiluted serum were offered a single dose of 2.4 million units of benzathine penicillin, although a few patients with prevalent infection were treated with 2 or 3 doses of penicillin weekly. RPR testing was repeated at subsequent visits and retreatment offered if there was no drop in titer. When incident syphilis was serologically diagnosed in a client during followup, his or her sexual partners were treated with penicillin. When prevalent cases were detected at enrollment, only RPRpositive individuals were treated unless they reported a recent genital ulcer, in which case their partner was treated as well. During the time of the study, the circumcision rates among adult men in both countries were quite low, with Zambia at 16% and Rwanda at 12% [28] [29] [30] .
Inclusion and Exclusion Criteria
Eligibility criteria for the parent study included men (aged 18-65) and women (aged in HIV-serodiscordant couples who were cohabitating and planned to stay in the area for at least 1 year. If the HIV-seronegative member of the couple became HIV positive (approximately 7.5% of Zambian and 3.5% of Rwandan couples per year), they were no longer included in this analysis [31] . CD4 and HIV monitoring was performed infrequently. When antiretroviral therapy (ART) became available, clients with stage III-IV HIV disease as classified by the World Health Organization were referred to their district health clinic for ART assessment. Those started on ART were excluded from further analysis. ART became available on a small scale starting in 2003 in Kigali and 2004 in Lusaka, with access expanding steadily thereafter [32] [33] [34] . All patients with a positive RPR test at any dilution were included in the initial analysis if they had a follow-up visit 14-400 days after treatment.
Laboratory Testing
Laboratories were GCLP (Good Clinical Laboratory Practices) certified, laboratory technicians were GCLP trained and certified, and standard operating procedures were used for all testing and clinical procedures. RPR testing was performed via card method (RPR test Macro-Vue, Becton-Dickinson Europe). Treponema pallidum hemagglutination assays (TPHAs) were performed in both sites on banked plasma samples from 2007 to 2008 (stored at −80°C) with the Biotec Laboratories test kit. In Zambia, historical TPHA data from 1994 to 1998 were included, as were available data from 2003 to 2006 in Rwanda (TPHA test, Fujirebio, Tokyo, Japan). HIV testing was performed with a rapid antibody test that was confirmed by a second rapid antibody test if it was positive or indeterminate and a third test as indicated for discrepant results (Determine and Capillus tests in Zambia, Determine and Unigold tests in Rwanda) [35] .
Case Definitions
Syphilis was defined as the presence of positive RPR at any titer and cases were subset into incident disease ( previously RPR negative) and prevalent disease (RPR positive at first testing).
Response to therapy was defined according to CDC recommendations, as a 4-fold fall in RPR titer (ie, from 1:64 to 1:16) or reversion to nonreactive [16] . Treatment was documented receipt of 2.4 million units of benzathine penicillin delivered intramuscularly. Treatment data were directly verified from pharmacy records in Zambia and with medical records review in Rwanda.
Outcomes
The primary outcomes of interest were the time to treatment response following the receipt of penicillin therapy and the likelihood of various serologically defined outcomes (response, serofast, or reinfection) at 180 days and 400 days after therapy. For the multivariate and Cox proportional hazards models, patients with RPR-positive titers with undiluted serum only were excluded. Only RPR titers ≥1:2 were included for increased specificity because confirmatory treponemal specific testing was not available The proportion of responders stratified by city, sex, HIV status, and prevalent versus incident infection is also presented.
Statistical Analysis
SAS Base 9.3 and Enterprise Guide 4.2 were used for analysis. Survival analysis technique was used to analyze time to treatment response. Time to response was right-censored if we did not observe any serologic response within 400 days. Cox proportional hazards modeling with random intercept was performed with time-independent variables: HIV status, sex, age, and initial RPR titer [36] . The random intercept was to take care of the correlations of the response times within a subject. RPR titer was recoded as a binary variable. Assumptions for the model were tested by goodness of fit and Schoenfeld residuals.
Log-rank test was used to determine whether the 2 curves were significantly different. Confounding by age, sex, initial RPR titer, city, and incident or prevalent syphilis was analyzed graphically one at a time to evaluate for a meaningful difference between the groups. Meaningful confounders were then adjusted by the model to reanalyze magnitude of effect. Missing ages (n = 44) were imputed with median age in all analyses. The generalized estimating equation method was used to handle within-subject correlations for logistic regressions.
Ethics
The study was approved by the Office for Human Research Protections registered institutional review boards at Emory University, and in Rwanda and Zambia.
RESULTS
The prevalence of positive RPR was higher in Zambia (18% vs 9% in Rwanda) and higher among HIV-positive individuals (16% vs 10% in HIV-negative individuals). In Zambia, RPR prevalence was higher among women (20% vs 15% among men), a difference that was not noted in Rwanda. Among prevalent cases, 35% of RPR-positive participants had RPRpositive spouses and this differed significantly by sex: 27% of RPR-positive women had RPR-positive husbands, whereas 45% of RPR-positive men had RPR-positive wives. Most incident cases (62.9%) occurred in individuals whose spouses were and remained RPR-negative; 9.9% had spouses with baseline prevalent positive RPR results; and in the remaining 27%, both husband and wife had incident syphilis detected during follow-up.
Overall, 1321 individuals in HIV-discordant couples had 1810 episodes of positive RPR treated with benzathine penicillin during the 6-year study period (Figure 1) . Nearly all received a single dose of benzathine penicillin, but 44 individuals with prevalent disease were treated with 2 weekly doses and 24 individuals received 3 weekly doses of benzathine penicillin. Demographic and clinical data are shown in Table 1 for RPR-positive individuals. In both cities, the average woman was 7-8 years younger than her male partner [37] . Acute genital ulcers over the past year were reported by 12.8%, and 7.3% had a genital ulcer present on physical examination. Minimal CD4 and viral load data were available, but in a subset of 39 individuals, median CD4 count was 367 cells/mm³ in Zambia and 446 cells/mm³ in Rwanda. Of 1810 episodes, 896 (49.5%) were incident positive RPR titers and the remainder were first detected at the time of CVCT. A majority of positive tests were low titer RPR (56.8% positive only with undiluted serum) ( Table 2) . Table 3 shows the results of TPHA confirmatory testing performed on banked samples and from historical data. In Zambia, there was a significant background TPHA positivity rate of 43% among clients with a negative RPR, and the higher titer RPRs were more likely to confirm with specific treponemal testing. In Rwanda, fewer TPHA results were available, but the background rate of positive RPR was significantly lower, at 14%. At both sites, TPHA positivity was high even at the lowest titer (undiluted serum).
Overall, 51% of individuals had a successful response to therapy within 180 days and 67% had responded by 400 days. The proportion of serofast responses was 26.6% at 400 days, and approximately 6.5% of cohort participants became reinfected during the 400-day follow-up period. Bivariate analyses of predictors of serologic response at 400 days showed no differences between HIV-positive and HIV-negative cases. Zambians were more likely to respond than Rwandans (68% vs 63%, P = .048), and women were more likely to respond than men (69% vs 64%, P = .035).
In a multivariate analysis of RPR titers ≥1:2, predictors of response to therapy included incident disease and country (Rwanda). RPR titer ≥1:4 was associated with response in the multivariate model (odds ratio, 1.33; P = .031), but not the Cox proportional hazards model (hazard ratio [HR], 1.15; P = .099). HIV status did not predict response to therapy, and the difference between sexes found in the multivariate analysis did not persist when adjusted for other covariates. Cox proportional hazards modeling for all episodes showed similar results, with the exception of female sex, which was significant. When the analysis was stratified for those treated for a single episode and those with multiple episodes during the study period, the findings were unchanged (Table 4) . Figure 2 shows the Kaplan-Meier curve of likelihood of response by HIV status, showing no statistical difference between the 2 groups during the 400 days following therapy. In Figure 3 , the KM curve showing the wide difference between likelihood of treatment response among incident and prevalent cases is presented.
DISCUSSION
HIV and syphilis are common STIs among HIV-discordant couples in Zambia and Rwanda. This large retrospective cohort study documents equivalent efficacy of penicillin therapy for syphilis, irrespective of HIV coinfection. This supports current CDC treatment guidelines.
Of the 2 areas studied, Zambian HIV-discordant couples had higher prevalence and incidence of both HIV and syphilis compared with their Rwandan counterparts. The increased incidence of syphilis in this urban population in Lusaka is further evidenced by the fact that 43% of people tested with a negative RPR had a positive treponemal test, suggestive of a high prevalence of prior infection (either treated or untreated), although false-positive TPHA or falsenegative RPR are possible explanations as well. The increased rates of syphilis infection in Zambia likely contribute to reinfection rates, lower treatment response rates as documented (compared to Rwanda) and ongoing HIV transmission in their community.
The serologic response to therapy at 400 days was 67% overall and 76% among those with incident infection, comparable to other studies [19, 38] . There are several studies that evaluate response to syphilis therapy in monoinfected and coinfected patients, as outlined in 2 recent reviews. Blank et al were unable to make summary statistics owing to study heterogeneity, but they noted a consistent treatment failure rate in HIV patients of 7%-22% in early disease and 19%-31% in late disease [19, 38] . In a recent study in Switzerland by Knaute et al, HIV status was not associated with likelihood of response to therapy in the multivariate model [39] . Treatment for late-latent syphilis is less often associated with serologic response and trials including HIV patients with late stages have documented higher failure rates [40, 41] . González-López and colleagues [41] reviewed 347 cases of syphilis in Spain and showed that HIV coinfection was associated with an HR of 0.61 (95% confidence interval, .39-.96), male sex had an HR of 0.38, and late-stage syphilis had an HR of 0.46. This same study showed that patients receiving ART were more likely to have treatment response, as did a US-based study with 231 cases of syphilis reported by Ghanem et al [42] . In an Israeli HIV clinic with mostly African patients with late-latent syphilis or syphilis of unknown duration, treatment response was only 26%, with 41% experiencing serofast serologic results [43] . In our study, rates of serofast were 20% for those with incident infection and 33% for those with prevalent disease. Serologic response was also associated with higher initial RPR titer in one of the models. These findings are similar to those in a recent study by Sena et al of 231 HIV-negative persons treated with benzathine penicillin for early syphilis, which reported a 21% serofast rate at 6 months. Likelihood of response was associated with age (<30 years), RPR titer >1:32, and fewer sexual partners [44] . Women were more likely than men to respond to therapy in our Cox proportional hazards model, but this was not a significant finding in the multivariate model. Women did not have higher rates of incident disease or higher titer RPR on average.
The serofast state is a difficult one for clinicians, because it is unknown if it represents persistent organism burden or persistent antibody production despite cure. Many serofast clients in these cohorts were retreated multiple times over a period of months or years despite lack of evidence of reinfection. Much of this treatment may have been unnecessary but given high background rates of disease and reinfection, clinical decision making is complex. Another possible reason for serofast results may have been undiagnosed central nervous system disease (neurosyphilis). Neurological symptoms were infrequently reported on routine interval medical histories, but systematic assessment for neurosyphilis was not done.
Syphilis diagnosis in the field continues to rely on serologic testing. In a country such as Zambia, with a very high rate of syphilis, the use of the treponemal tests in detecting active infection is limited as most people have a lifelong positive Treponema pallidum particle agglutination assay or TPHA following a previously treated infection. Detecting active disease in the setting of recurrent infection using nontreponemal testing (most commonly the RPR) can be limited by false-positive tests at low titers, as seen in many common conditions (including pregnancy, autoimmune disease, and hepatitis) [45] . This study has several limitations, including the retrospective cohort design and the lack of confirmatory treponemal testing for all RPR-positive samples. A majority of the reactive RPR tests were of low titer and many could have been false-positive tests or serofast from previously treated cases. Among patients categorized as prevalent infection, duration of reactive RPR prior to study enrollment and information about prior antibiotics are not known. A good number of those with serofast serologies received multiple doses of penicillin, which did not increase serologic resolution. The limited CD4 data available from 39 individuals indicated that the cohort was not profoundly immunosuppressed. Because study participation was truncated at ART start date, the sickest patients were excluded from our cohort. Study findings may not be generalizable to areas with lower disease prevalence, to HIV-infected persons with lower CD4 counts, or to couples who are not in an HIVdiscordant couple relationship.
Syphilis screening is often performed in the antenatal clinic setting, but more can be done to expand testing to male partners and in other clinic settings in order to reduce rates of reinfection Newer syphilis diagnostics with better specificity are needed, as well as further dissemination of currently available point-of-care tests. These could transform the ability to quickly diagnose and treat syphilis globally, even in rural areas with limited healthcare penetration.
Additional studies on the likelihood of treatment response among coinfected patients with low CD4 counts would be useful, as well as further consideration of the role of additional therapy among those who are serologically serofast. Because penicillin therapy is inexpensive, available, and highly effective in both HIV-infected and uninfected populations, additional screening for syphilis in high-risk settings is warranted. Based on our findings, additional doses of penicillin for coinfected patients are not indicated.
Notes
